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Description 

[0001] The present invention relates generally to comparing wavefonns without requiring sannple-by-sannple com- 
parison. More particularly, the present invention relates to electrogram waveform comparison for discriminating ven- 

s tricular tachycardia (VT) from sinus tachycardia (ST) and supraventricular tachycardia (SVT) . 

[0002] In a heart monitoring system, it is often desirable to distinguish between ventricular complexes that are con- 
ducted from the atria (i.e., normal complexes) and ventricular complexes that originate in the ventricular myocardium 
(i.e., abnormal complexes). For example, It Is important to be able to distinguish sinus tachycardia (ST) and supraven- 
tricular tachycardia (SVT) from ventricular tachycardia (VT). Waveform morphology comparison is normally used to 

10 accomplish such discrimination. That is, a test Intraventricular electrogram (IVEG) is compared to a template IVEG. 
The template IVEG is generally taken during a sinus rtiythm. If the morphology comparison indicates that there is a 
ventricular tachycardia, corrective action is talcen. For example, implantable cardioverter defibrillators (ICDs) or pace- 
makers can undertake corrective action when they detect ventricular tachycardia. For a more detailed description of 
the origin and morphology of these signals, see US-A-5 240 009 to Williams, entitled 'Medical Device with Morphology 

'5 Discrimination." 

[0003] From this US-A-5 240 009, a medical device Is known for monitoring wavefonn complexes of Intracardiac 
electrograms. An intracardiac complex Is said to occur when the signal exceeds an upper threshold. Lower threshold 
peaks which are part of that complex can occur before and after the upper threshold crossing. For each complex, there 
Is a time limit and a limit on the number of peaks allowed. Thus the maximum number of peaks within a complex is 

20 limited by a given number, for example five. A standard complex is computed by averaging identification criteria (am- 
plitude, width and plurality of peaks) of several complexes. Subsequent complexes are then compared to the stored 
standard complex. Such comparison includes comparing peaks of subsequent complexes with the peaks of the stored 
standard complex, aligning subsequent complexes with the stored standard complex, and providing a score associated 
with the comparisons and alignment. 

25 [0004] A major consideration in developing ICDs Is their limited battery power After implantation, batteries cannot 
be replaced without surgery and general^ the entire ICD Is replaced when the batteries are depleted. Thus, It Is de- 
sirable to conserve battery power. One way to conserve battery power is by reducing the complexity of the signal 
processing that must be perfonned by the ICD. 

[0005] Conventional morphology algorithms compare test and template IVEGs on a point-by-point basis. That Is, 
30 characteristics about the points in the test IVEG are compared to corresponding points in the template IVEG. Examples 
of such point-by-point morphology matching processes are disclosed In Greenhut, Saul E. & Steinhaus, Bruce M., 
Template Matching Techniques ofEiedrc^ysiologic Signals: A Practicai Real- Time System for Detection of Ventricular 
Tachycardia, Biomedical Scientific Instruments, 1992, Vol. 28, pp. 37-42 (hereinafter 'Template Matching Technique") 
and Greenhut, Saul E. et al, Separation of Ventricular Tachycardia From Sinus Rhythm Using a Practical, Real-Time 
35 Template Matching Computer System, PACE 1992, 15:2146-2153 (hereinafter "Separation of Ventricular Tachycar- 
dia"). 

[0006] Such conventional waveform comparison techniques sufferf rom several shortcomings. First, wavefomi align- 
ment Is critical to a proper polnt-by-point comparison. If the test and template signals are not aligned correctly, the 
result of the waveform comparison can be erroneous. Furthermore, aligning the test and template signals can be a 

^ burdensome and time consuming problem. 

[0007] Second, th ese conventional point-by-point processing techniques are computationally intensive. For example, 
such techniques generally require two divide operations. This is illustrated in the equation for the nomnallzed area 
difference (NAD) In the references cited above (see equation (1) on page 39 of Template Matching Techniques" and 
equation (1) on page 2148 of'Separation of Ventricular Tachycardia"). 

45 [0008] Both of these disadvantages result In excess current drain on the battery of an Implanted ICD. The excess 
current drain reduces the life expectancy of the ICD. The reduced life expectancy of the ICD exposes the patient to a 
greater risk and expense of repeat surgery to repiace the device. 

[0009] Thus, what Is needed is an improved method for discriminating ventricular tachycardia (VT) from sinus tach- 
ycardia (ST) and supraventricular tachycardia (SVT), Such a method should reduce computational complexity forpower 

so savings while at the same time reducing the alignment problem. 

[0010] The present invention is directed to distinguishing between a first signal and a second signal on the basis of 
how well the morphologies of the first and second signals match. The present invention fomns a template based on 
the morphology of a "known" signal. The "known" signal can be, for example, a signal collected during a period where 
a patient is known to exhibit a nonmal sinus rtiythm. A test signal Is compared against the template to detennlne how 

55 closely the signals correspond using their morphology. 

[0011] In the preferred embodiment, the morphology Is represented by a consecutive series of N data samples. From 
these N data samples, M (e.g., 3) peaks are identified. The positions (i.e., order of occun-ence), polarities and nomiai- 
Ized areas of the peaks are compared to align the signals and yield a score. A higher score Indicates less similarity 
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between the first and second signals. 

[0012] In the preferred embodiment, the invention is applied to monitoring heart signals to analyze the morphology 
of an intraventricular electrogram (IVEG) for the purpose of discriminating ventricular tachycardia (VT) from sinus 
tachycardia (ST) and supra ventricular tachycardia (SVT). A template Is generated by analyzing an IVEG depolarization 
during a sinus rhythm. The polarity and nonnalized area of the most significant consecutive peaks of the IVEG depo- 
larization are recorded as the template. Each sensed IVEG is matched against the template by comparing the position, 
polarity and nomialized area of the most significant consecutive peaks and summing the differences. The resulting 
value provides a measure of how similar in morphology the sensed IVEG is to the template IVEG. 
[0013] Further features and advantages of the Invention, as well as the structure and operation of various embodi- 
ments of the invention, are described in detail below with reference to the accompanying drawings. In the drawings, 
like reference numbers generally indicate Identical, functionally similar, and/or structurally similar elements. The draw- 
ing in which an element first appears Is Indicated by the digit(s) to the left of the two rightmost digits in the corresponding 
reference number. 

[0014] The present Invention will be described with reference to the accompanying drawings, wherein: 

FIG. 1 1s a flow chart for a method of morphology comparison of two signals according to a preferred embodiment. 

FIG. 2 is a graphic representation of an IVEG collected during a morphology window. 

FIG. 3 is a flow chart for detemnlning peak information of Interest according to the preferred embodiment. 

FIG. 4 is a flow chart for aligning a test and a template IVEG according to a prefen^ed embodiment. 

FIG. 5 is a flow chart for determining whether peaks match according to a preferred embodiment. 

FIG. 6 Is a flow chart for determining whether peak positions match and for correcting mismatch according to a 

prefen'ed embodiment. 

FIG. 7 illustrates an example mismatch con-ection using the flow chart of FIG. 6. 

FIG. 8 is a system for morphology comparison of two signals according to a prefenred embodiment. 

FIG. 9 Is a schematic representation of a preferred Implementation of the system for morphology comparison of 

two signals in FIG. 8. 

[001 5] The template matching morphology method of the present Invention calculates the difference in the nonnalized 
area of each significant peak of a template electrogram (EGIVI) and a test EGM over a fixed window size of data samples. 
In addition, the test and template EGMs are not limited to collection from a patient. For example, the test and template 
EGMs can be computer generated for use, for example, In technique testing, 

[0016] For purposes of illustrating a prefenred embodiment, the invention is described in tenns of comparing intra- 
ventricular electrograms (IVEGs). It should be understood, however, that this is done for purposes of Illustration only. 
The invention can be used for comparing any cardiac signal whether it is an EGM taken from implanted electrodes or 
an electrocardiogram (EGG) from surface electrodes or othenvise. 

[0017] Using a device designed according to the preferred embodiment of the present Invention reduces the com- 
plexity of waveform morphology diagnosis. As a result, power is conserved and battery life is extended. 
[0018] A flow chart for a template morphology matching method 100 according to a preferred embodiment of the 
invention is described with reference to FIG. 1 . The beginning of method 100 is indicated in a step 102. In a step 104, 
a template IVEG is created. The template IVEG is analogous to a standard to which test signals are compared. The 
template can be generated in a number of welt known ways. In the prefen'ed embodiment, the template is generated 
by simply collecting data points (i.e., digital samples of the IVEG) during a morphology window for a complex in a sinus 
rhythm. In an altemate embodiment, data Is collected over a plurality of morphology windows during which there is a 
sinus rhythm. After the data is collected, the data is averaged to detenmine a template. Prior to the averaging however, 
the data must be aligned. A data alignment mechanism such as described herein can be employed. 
[001 9] As part of the template creation step, the IVEG data is nonnalized. Nonnalization accounts for differences in 
absolute magnitude of the sensed signals that may be affected by variables such as electrode placement, differences 
In amplifier gain, and the like. Nonnalization allows the method of the Invention to compare the relative magnitudes of 
the peaks in the IVEG. Nonnalization of the template IVEG is described in detail below. 

[0020] The template is generated using morphology Infomnation of Interest in the signal. In the prefen-ed embodiment, 
the morphology infomiation selected for comparison is information about IVI (e.g., 3) consecutive peaks. The peak 
information includes normalized area, polarity, and position (l,e., order of occun^nce) for the M consecutive peaks 
having the largest sum of peak amplitudes In a collected signal. In the preferred embodiment, the signals are IVEG 
depolarizations. 

[0021 ] After creation of the template IVEG, a test IVEG Is collected in a step 1 06. As discussed below with reference 
to FIG. 2, the test IVEG is collected over a morphology window 201 In a well known manner. 
[0022] Next, In a step 108. peak Infomiation is identified in the test IVEG. The test and template IVEGs are then 
aligned in a step 1 09. Alignment of the test and template I VEG's is tested in a step 1 1 0. If alignment failed, then method 
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1 00 proceeds to step 1 1 4 where the test and template I VEGs are indicated as being dissimiiar. If alignment was suc- 
cessful (as indicated at step 110), then method 1 00 proceeds to step 111, 

[0023] In step 1 1 1 , the test and template IVEGs are compared to detemriine a score. The score represents how well 
the test and template IVEGs match. The lower the score, the more similar are the test and template IVEGs, The score 
is compared to a threshold In a step 1 1 2. If the score does not exceed the threshold, then the test and template IVEGs 
are Indicated as being similar in a step 116. If the score exceeds the threshold, then the test and template IVEGs are 
Indicated as being dissimilar in step 114. 

[0024] In the preferred embodiment, the threshold of step 112 Is detemiined by looking at a number of trial runs of 
a patient in a sinus rhythm and a VT rhythm. The scores are then plotted and viewed. A threshold value Is picked that 
will provide an acceptable (normally very low) probability that a score indicating a VT rhythm Is interpreted as a score 
for a nomriai sinus rhythm and vice versa. 

[0025] After either of steps 1 1 4 or 1 1 6 are executed, method 1 00 ends as indicated at step 1 1 8. Altematlvely, method 
1 00 may return to step 1 06 and repeat, in this manner, method 1 00 can continuously monitor an Input stream of test 

IVEGs. 

[0026] As explained in further detail below, this method of the present invention significantly reduces computational 
complexity. Because the method calculates a nonnaiized area of peaks, there are optimally only three divides required. 
Importantly, the method of the invention Improves over conventional methods by not requiring two divides per sample 
point. Moreover, the alignment problem is solved by aligning on the basis of morphology (I.e., peak polarity and peak 
amplitude), rather than con^espondlng data points (samples). 

[0027] The steps of method 100 are now explained in further detail with reference to FIGS. 2-8. 
[0028] FIG. 2 illustrates a graphical representation of a single IVEG depolarization to be collected in step 1 06. The 
test IVEG is collected and sampled during a morphology window 201 in a well known manner. Morphology window 
201 begins at a time 202 and ends at a time 204. During the morphology window 201 , N data samples of the IVEG 
depolarization are taken. 

[0029] Referring still to FIG. 2. step 108 of detemiinlng peak information of the test IVEG is described. A peak is 
defined to begin with the data sample that Is greater than (In absolute magnitude) or equal to a fixed threshold 206 or 
208 (in absolute magnitude). A peak is defined to end with the data sample that crosses the baseline 207. Three peaks 
210, 212 and 214 are illustrated. Peak 212 is the dominant peak, peak 214 is the second dominant peak, and peak 
210 is the third dominant peak. The peaks must be consecutive. 

[0030] FIG. 2 also illustrates a sensing window 21 8. Sensing widow 21 8, also known as the sense refractory period, 
begins when a peak rises above a sensing threshold 21 6. The end of the sensing window 21 8 corresponds to the end 
of morphology window 201 . 

[0031] As illustrated In FIG. 2, peaks may be collected both before and after sensing window 218 begins. In the 
present invention, M (e.g., 3) peaks having the largest sum of peak amplitudes are used to analyze the wavefomi 
moiphology. While three peaks are preferred In the present Implementation of the Invention, a person skilled In the art 
will recognize that a different number of peaks (e.g., 2, 4 or more) may be used. 

[0032] FIG. 3 Illustrates in further detail step 1 08 (see FIG. 1 ) of detennlnlng peak infomiatlon for the test IVEG. The 
peak information Includes the nomnalized area of each peak, the polarity of each peak, and the positions (not in absolute 
time, but in order of occurrence) of the dominant and second dominant peaks in the test IVEG. 
[0033] When perfomiing step 108, the method of peak determination begins in a step 302. In a step 303, the three 
consecutive peaks with the largest sum of peak amplitudes are extracted. Next, In a step 304, the area Is calculated 
for each of the three peaks selected in step 303. The area is essentially the size of the peak. In the preferred embod- 
iment, the area Is simply the arithmetic sum of the data points (amplitudes) in the peak. It would be apparent to those 
skilled in the art that other methods for calculating area can be used. 

[0034] After determining the area for each of the three peaks selected In step 303, the method executes step 306. 
In step 306, the polarity of each of the peaks selected In step 303 is detemiined. Polarity refers to whether a peak is 
greater than zero (positive) or less than zero (negative). For example, peak 21 2 has positive polarity, whereas peaks 
210 and 214 have negative polarities. 

[0035] After determining the polarity for each of the peaks, the positions of the most dominant and second most 
dominant peaks in the threeiJeak set are detemiined In a step 308. Note that, in the preferred embodiment, peak 
dominance is measu red by peak amplitude, rather than by peak area. Also note that this position detemiination refers 
to a relative position or order of occurrence (e.g., third dominant peak In a firet position, dominant peak in a second 
position, and second dominant peak In a third position as for Fig. 2) rather than an absolute position (e.g., dominant 
peak at 63 msec, second peak at 71 msec, etc.) within the morphology window. 

[0036] After detemiining the relevant positions, the area of each peak is normalized in a step 31 0. In the prefen-ed 
embodiment, the normalization proceeds according to Equation (1) for each peak In the 3-peak set selected: 
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Equation (1) 



NormAreaPeakjf = 



AreaPeak^ 



\ArBaPeak^ + \AmaPeakj^ + \AreaPeakji 
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In an alternate preferred embodiment, the nonnallzed area of each peak Is calculated accottling to Equation (2). 



The subscript x in Equations (1 ) and (2) Indicates that the calculation is done for each pealc selected In step 303. After 
normalization, the method ends at step 312 to complete the detennlnation of peak information for the test IVEG. 
[0037] Step 109 of FIG. 1 represents alignment of the test and template iVEGs. This step is detailed in FIG. 4. The 
method of FIG. 4 begins in a step 402. In a step 403, an attempt Is made to match the polarity of a dominant peak in 
the template IVEG with the polarity of a dominant peak In the test iVEG. Step 403 is described in further detail below 
with reference to FIG. 5. 

[0038] A step 404 detennines whether the peak polarity matching of step 403 was successful. If decision step 404 
detemiines that peak polarities do not match, then step 407 detemdines that the alignment failed and the method 
continues to step 408. In step 408. the method of step 1 09 ends and returns to the method of FIG. 1 . If, on the other 
hand, step 404 detemnines that the peak polarities do match, then the method continues to step 405. 
[0039] Step 405 determines whether the peaks with matching polarities in the test and template iVEGs correspond 
to one another in position. Peaks that correspond are peaks having the same sequential position in a particular IVEG. 
For example, if the peak positions are numbered from one to three, the peak In position one in the test IVEG corresponds 
to the peak in position one in the template IVEG. If step 405 indicates that the peaks in the test and template IVEGs 
correspond to one another in position, then the method continues to step 408. In step 408, the method of step 109 
ends and returns to the method of FIG. 1 . 

[0040] If, on the other hand, decision step 405 detemnines that the peaks In the test and template IVEGs do not 
correspond in position, then the method of step 109 continues with step 406. in step 406, the method attempts to align 
the peaks by shifting the dominant peak of the test IVEG to the right or the left. The effect of this shifting Is to drop a 
non-dominant peak off of one side of the three peak group and to add another peak to the other side of the three peak 
group. This will align the peaks between the test and template IVEGs. Step 406 Is described In detail below with 
reference to FIG. 6. 

[0041] Step 403 of matching peak polarities in the test IVEG with peaks in the template IVEG is now described in 
further detail with reference to FIG. 5. The method begins in a step 502. In step 504, the polarity of the dominant peak 
of the template IVEG is compared to the polarity of the dominant peak of the test IVEG. The result of the comparison 
is checked in a step 506. If the polarities match, then a successful match is Indicated at step 508. The method then 
ends and returns to the method of FIG. 4, as Indicated at step 518. 

[0042] If, at step 506, it is detennlned that the polarities of the dominant peaks do not match between the test and 
template IVEGs, then the method continues to step 51 0. In step 51 0, the method compares the polarity of the second 
dominant peak of the template IVEG with the dominant peak of the test IVEG. The method checks the result of the 
comparison in decision step 51 2. If the polarities match, then a successful match in Indicated at step 508. The method 
then continues to step 51 8. If matching Is done on the basis of the "second dominant" peak of the template IVEG, this 
second dominant peak will be called the "dominant" peak of the template IVEG for the remainder of the method. This 
Is done for ease of explanation. 

[0043] If, at step 51 2, It is detennlned that the polarities of the second dominant peak of the template IVEG and the 
dominant peak of the test IVEG do not match, then the method continues to step 51 6. In step 51 6, the method indicates 
that the peak polarity matching has failed. The method then continues to step 51 8. If peak polarity matching has failed, 
then alignment of the test and template IVEGs is not possible. This causes a failure of alignment in step 407 of FIG. 4. 
[0044] Step 406 of shifting peaks in the test IVEG Is now described in greater detail. Step 406 Is only reached If the 
initial peak polarity matching of step 403 (see FIG. 4) is successful, but the positions of the dominant peaks do not 
correspond (recall that the "second dominant" peak of the template IVEG Is considered the "dominant" peak if matching 
is done on that basis). Step 406 attempts to make the peaks of the test IVEG con^espond in position to the peaks of 
the template IVEG. 

[0045] Step 406 is described in detail with reference to FIG. 6. The method of FIG. 6 begins at step 602. In step 604, 
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it is determined whether the position of the dominant peak In the test iVEG is greater than the position of the dominant 
peak in the template IVEG (recall that the "second dominant' peak of the template IVEG is considered the "dominant" 
peak if matching is done on that basis). If the test dominant peak has a greater position than the template dominant 
peak (e.g., test peak at position #2 > template peak at position #1 ), then it may be possible to align the peaks by shifting 
the test peaks to the left. A shift does not actually occur. Rather, the test IVEG is Inspected or scanned to the right side 
of the dominant peak. If a new peak is found that matches (In polarity and position) the peak to the right of the dominant 
peak of the template IVEG, then that new peak is added to the three peak group and the peak that previously occun-ed 
to the left of the dominant peak Is dropped. Thus, a new group of test peaks is fomried. This is indicated by step 606. 
[0046] if the test dominant peak has a lesser position than the template dominant peak (e.g., test peak at position 
#2 < template peak at position #3), then it may be possible to align the peaks by shifting the test peaks to the right. As 
explained above, a shift does not actually occur. Rather, the test IVEG is inspected or scanned to the left side of the 
dominant peak. If a new peak is found that matches (in polarity and position) the peak to the left of the dominant peak 
of the template IVEG, then that new peak is added to the three peak group and the peak that previously occurred to 
the right of the dominant peak Is dropped. Thus, a new group of test peaks is formed. This Is indicated by step 606. 
[0047] Note that in perfomiing this searching or scanning of steps 605 and 606, the three peaks that are chosen 
from the test IVEG must be consecutive. Thus, if a mismatching peak occurs on the left side of the dominant peak of 
the test IVEG, then only the right side can be checked for a matching peak. Similarty, if a mismatching peak occurs on 
the right side of the dominant peak of the test IVEG, then only the left side can be checked for a matching peak, if a 
new peak is found in either of steps 605 or 606, the new peak Is added to the test IVEG and the mismatched peak is 
dropped from the test IVEG, as described above, to fonn a new 3 peak group for the test IVEG. 
[0048] After scanning left or right, the method continues in decision step 608 to detemilne whether the scanning was 
successful In matching peaks. If no match can be made, the method proceeds to step 614 where the method ends 
and retums to the method of FIG. 4. If a new peak was found so that the polarities of the three new peaks in the test 
IVEG match the con-esponding peaks in the template IVEG, then the method continues in step 610. 
[0049] In step 61 0, the method selects the three new peaks of the test IVEG for comparison to the template IVEG 
In step 111 (see FIG. 1). The method then continues to step 612. In step 612, the three new peaks of the test IVEG 
are normalized using either of Equation (1) or Equation (2) above. The method then continues with step 614. In step 
614, the method retums to FIG. 4. and continues in step 408. 

[0050] An example of the correction of step 406 is illustrated in FIG. 7. FIG. 7 Illustrates a template IVEG 700 and 
a test IVEG 71 0. Dashed vertical tines have been drawn over the two IVEQs to show the oon^spondence therebetween. 
Note that template IVEG 700 has a dominant peak A, a second dominant peak B, a third dominant peak C and a fourth 
dominant peak D. The three dominant peaks occur in the order of: C-A-B. Note that test IVEG 71 0 also has a dominant 
peak A, a second dominant peak B, a third dominant peak C and a fourth dominant peak D. However, note that the 
three dominant peaks occur in a different order with respect to the peaks of template IVEG 700. The three dominant 
peaks of the test IVEG occur In the order of: A-B-C. Thus, step 405 of FIG. 4. would retum an indication that the peaks 
do not con^espond in position. This non-correspondence is Illustrated In the following table: 



IVEG 


Position 
#1 


Position 
#2 


Position 

#3 


Template 


C 


A 


B 


Test 


A 


B 


C 



[0051] Correction of this misalignment according to step 406 of FIG. 4 would proceed as detailed In FIG. 6 as follows. 
Because peak A (i.e., the dominant peak) of test IVEG 710 occurs first In the three peak group, it is In position #1. 
However, peak A of template IVEG 700 occurs after peak C. Thus, peak A of template IVEG 700 is in position #2. Step 
604 detemiines whether the test peak A has a greater position than template peak A (I.e., is test peak A at position # 
1 > template peak A at position #2). In this case, the test peak position Is not greater than the template peak position. 
Therefore, the method proceeds to step 606 where the test IVEG is shifted right (I.e., the IVEG is inspected to the left 
side of the cun-ent three peak group in an attempt to find the next consecutive peak). This operation will locate fourth 
dominant peak D. 

[0052] Note that peak D matches (in polarity and position) (see step 608) peak C of the template IVEG. Therefore, 
peak D Is added to the three peak group and peak C Is dropped from the three peak group for the test IVEG. This shift 
operation results in alignment of the peaks between the test IVEG and template IVEG as illustrated in the following table: 
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5 



IVEG 


Position 
#1 


Position 
#2 


Position 
#3 


Template 


C 


A 


B 


Test 


D 


A 


B 



Note that pealc D is talcen as the third dominant pealc of the test IVEG even though It is really fourth largest in amplitude. 
This correction to the three peak group of the test IVEG results In all peaks of the test IVEG having matching peaks 
of the template IVEG. 

[0053] in the preferred embodiment, the three new peaks of the test IVEG may then be nomiallzed {as indicated In 
step 612), and a score calculated in accordance with step 111 of FIG. 1. The following equations can be used to 
calculate a score: where: 

UnmatchedTemplatePeaks = Normalized Areas of the unmatching template peaks 
UnmatchedTestPeaks = Nomialized Areas of the unmatching test peaks 
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Equation (3) 

scorB = £1 UnmatchedTemplatePeaksl + £1 UnmatchedTestPeaksH -i- 
i:\Maiche<fremplatePeakS' MatchecUestPeaksl 

MatchecfTemplatePeaks = Nomrtalized Areas of the matching template peaks 
MatchetfT estPeaks = Nonnalized Areas of the matching test peaks 

In the case where the alignment position of the three consecutive peaks is the same for both the template and the test 
IVEGs (i.e.. the test and template complexes match), Equation (3) reduces to Equation (4): 

Equation (4) 

Score = I TemplatePeak^ - TestPeakj^ + 1 TemplatoPeakg • TestPeak^ + 
\TemplatePeakQ ' 

where: 



TempIatePeak^ = Nonnalized Area of dominant template peak 
TestPeaki = Nonnalized Area of dominant test peak 

TemplatePeakg = Nomiallzed Area of second dominant template peak 
TestPeak2 = Nomnalized Area of second dominant test peak 

TemplatePeal^ = Norniallzed Area of third dominant template peak 
TestPeakg = Nonnalized Area of third dominant test peak 

Thus, In the preferred embodiment, the method uses Equation (3) when some peaks have no match in the test and 
template IVEGs and Equation (4) when a match Is found between all three peaks of the test and template IVEGs. If 
desired, however. Equation (3) may be used In all cases. 

[0054] As can be seen from Equations (3) and (4), the score indicates the relative similarity between the test and 
template IVEGs. In the prefen-ed embodiment, a smaller score indteates relative similarity, while a largerscore indicates 
that the two IVEGs are dissimilar. 

[0055] FIG. 8 illustrates a system 802 according to a preferred embodiment of the present invention. Although ap- 
plicable to signals in general, the system illustrated In FIG. 8 is directed toward the preferred embodiment of IVEGs in 
an implantable cardiac pacing or defibrillation device. The system contains a template collection unit 804, a test IVEG 
collection unit 808, a peak Infonnation extraction unit 810, an alignment unit 812, a score determination unit 814, and 
a threshold comparison unit 816. In addition, the system includes a template storage area 806. 
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[0056] The template collection unit 804 creates a template as described above. In the pretended embodiment the 
template so created is stored In a template storage area 806. Thus, a template need not be created each time a test 
IVEG is to be compared to a template. Rather a template can be retrieved from the template storage area 806 and 
passed to that template collection unit 804 for subsequent processing in the system. 

[0057] The test IVEG collection unrt 808 collects a test IVEG for detemiination of whether the test IVEG is a sinus 
or VT complex. The test IVEG collection unit 808 collects a test IVEG during a sense refractory period in a well-lcnown 
manner. The test IVEG collection unit 808 and template collection unit 804 are coupled to a peak Infonnation extraction 
unit 810. 

[0058] The peak Infonnation extraction unit 81 0 extracts peak Infomiatlon of Interest from both the template and test 
IVEGs for the comparison phase of the present invention. As explained above, the peak infonnation of interest accord- 
ing to a prefered embodiment are the nonnallzed area, polarity, and position of each of the three consecutive peaks 
having the largest sum of peak amplitudes in a collected signal. In addition, the peak infonnation extraction unit 810 
nomriaiizes the areas of the 3 consecutive peaks. The peak Infonnation extraction unit 81 0 is coupled to an alignment 
unit 812. 

[0059] The alignment unit 812 detennines whether the template and test IVEGs are aligned as described above. 
The alignment unit 812 Is coupled to a score detennination unit 814. The alignment unit 812 transmits an Indication of 
whether the test and template signals match to the score detennination unit 814. 

[0060] The score determination unit 814 receives the match indication from the alignment unit 812. The score de- 
tennination unit calculates a score using Equation (3) or Equation (4), as described above. Whether the system uses 
Equation (3) or Equation (4), depends on the received match indication. If the received match Indication indicates no 
match, the system uses Equation (3). If on the other hand, the received match Indication indteates a match, the system 
uses Equation (4). The score determination unit is coupled to a threshold comparison unit 81 6. Note that the system, 
If desired, could use Equation (3) regardless of whether a match is indicated. 

[0061 ] The threshold comparison unit 81 6 compares the score to a threshold (described above). If the score is greater 
than the threshold, then the test and template signals are dissimilar. However, If the score is less than the threshold, 
the test and template signals are similar to one another. 

[0062] FIG. 9 illustrates the prefen-ed embodiment for the system described in FIG. 8. The preferred embodiment 
includes a microprocessor 902. a random access memory (RAM) 904, an input/output (I/O) unit 908, and a bus 906. 
The functionality of system 802 is implemented in software In microprocessor 902. Bus 906 provides for communication 
between RAM 904, microprocessor 902 and input/output unit 908. I/O unit 908 is also coupled to a patients heart 91 0 
In a well known manner to collect the template and test IVEGs. 

[0063] In FIG. 9, microprocessor 902 instructs 1/0 unit 908 to collect a template IVEG. I/O unit 908 collects the 
template IVEG in a well-known manner. 1/0 unit 908 stores the template IVEG in RAM 904 over bus 906. M icroprocessor 
902 extracts peak infonnation from the template IVEG and stores the peak infonnation In RAM 904. The original tem- 
plate IVEG can be discarded. At a later time, microprocessor 902 Instmcts I/O unit 908 to collect a test IVEG. The test 
IVEG is stored in RAM 904 over bus 906. Microprocessor 902 extracts peak Information from the test IVEG and stores 
the Infonnation in RAM 904. The original test IVEG can then be discarded. After obtaining the peak Information from 
the test IVEG, microprocessor 902 perfomns the alignment of alignment unit 812 and detennines the score as explained 
with reference to score determination unit 814. Microprocessor 902 then performs a threshold comparison test as 
explained with reference to threshold comparison unit 816 to detennine whether the test and template IVEGs match. 
[0064] While various embodiments of the present invention have been described above, it should be understood 
that they have been presented by way of example only, and not limitation. Thus, the breadth and scope of the present 
Invention should not be limited by any of the above-described exemplary embodiments, but should be defined only in 
accordance with the following claims. 



Claims 

1 . An apparatus for distinguishing between a ventricular tachycardia (VT) complex and a sinus tachycardia (ST) or 
supra ventricular tachycardia (SVT) complex, comprising: 

(a) means (908; 804, 808) for collecting atempiate Intraventricular electrogram (700) and a test Intraventricular 
electrogram (710); 

(b) means (902; 303) for locating a group of at least two consecutive peaks (210, 212, 214) having a largest 
cumulative area for each of said intraventricular electrograms (700, 710), 

(c) means (902; 306, 308) for detennining a polarity and a position of each peak (210. 212, 214) within said 
group for each of said Intraventricular electrograms (700, 710), 

(d) means (902; 31 0) for nomiallzing the area of each peak (210, 21 2,214) In said group, wherein said poiar- 
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ities, said positions and said nonnalized areas represent extracted peak Information; 

(e) means (902; 504, 510; 604) for comparing polarities and positions of said extracted peal< infomiation for 
said test intraventricular electrogram (71 0) with polarities and positions of said extracted Infomiation for said 
template Intraventricular electrogram (700) to align said test Intraventricular electrogram (71 0) with said tem- 
plate Intraventricular electrogram (700); and 

(f) means (902; 111) for comparing said extracted pealc infomiation for said test Intraventricular electrogram 
(710) with said extracted Infomiation for said template intraventricular electrogram (700) to generate a score 
Indicative of similarity between said template intraventricular electrogram (700) and said test Intraventricular 
electrogram (710). 

2. The apparatus of claim 1 , characterized In that said means (902; 31 0) for normalizing comprises: 

means (902; 31 0) for nomializing each peak (21 0, 21 2, 21 4) with respect to the sum of the areas of each of 
said three consecutive peaks (210, 212, 214). 

3. The apparatus of claim 1 , characterized In that said means (902; 31 0) for nomiailzlng comprises: 

means (902; 310) for normalizing each peak (210, 212, 214) with respect to a peak (212) having the largest 
area of said three consecutive peaks (210, 212, 214). 

4. The apparatus of any of claims 1-3, characterized In that said means (902; 406; 504, 51 0; 604) for comparing 
includes: 

means (504) for comparing the polarity of a dominant test peak to the polarity of a dominant template peak; 
means (406) for aligning said template Intraventricular electrogram (700) with said test Intraventricular elec- 
trogram (710) on the basis of said dominant peaks If the polarity of said dominant test peak matches the 
polarity of said dominant template peak; 

means (510) for comparing the polarity of said dominant test peak to the polarity of said second dominant 
template peak If the polarity of said dominant test peak does not match the polarity of said dominant template 
peak; 

means (406) for aligning said template intraventricular electrogram (700) with said test Intraventrfcular elec- 
trogram (71 0) on the basis of said dominant test peak and said second dominant template peak if the polarity 
of said dominant test peak matches the polarity of said second dominant template peak; and 
means (114) for indicating that the test and template intraventricular electrograms (700, 710) could not be 
aligned if the polarity of said dominant test peak does not match the polarity of either said dominant template 
peak or said second dominant template peak. 

L The apparatus of claim 4, characterized In that said means (406) for aligning includes: 

means (604) for determining whether positions of said test peaks correspond to positions of said template 
peaks; and 

means (605, 606) for scanning said test intraventricular electrogram (71 0) for another peak with which a match 
can be made If said positions of said test peaks do not con^espond to positions of said template peaks. 

. The apparatus of any of claims 1 - 5, characterized In that said means (902; 1 1 1 ) for comparing said extracted 
peak information comprises: 

means for calculating said score as the sum of the magnitudes of the areas of unmatched template peaks, 
the areas of unmatched test peaks, and the difference between the areas of any matched template and test 
peaks If peaks In said template Intraventricular electrogram (700) and said test intraventricular electrogram 
(710) do not match in position and polarity; and 

means for calculating said score as the sum of the magnitudes of the differences between the areas of the 
matched peaks If peaks in said template Intraventricular electrogram (700) and said test intraventricular elec- 
trogram (710) all match in position and polarity. 

. A method for distinguishing between a ventricular tachycardia complex and asinus tachycardia or supra ventricular 
tachycardia complex, comprising the steps of: 
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(a) collecting a template Intraventricular electrogram and a test intraventricular electrogram; 

(b) for each of said intraventricular electrograms, 

(1 ) locating a group of at least two consecutive peaks having a largest cumulative area, 

(2) detemnining a polarity and a position of each peak within said group, and 

(3) normalizing the area of each peak in said group, wherein said polarities, said positions and said nor- 
malized areas represent extracted peak infonnation; 

(c) comparing polarities and positions of said extracted peak infonnation for said test intraventrteular electro- 
gram with polarities and positions of said extracted information for said template intraventricular electrogram 
to align said test Intraventricular electrogram with said template Intraventricular electrogram: and 

(d) comparing said extracted peak infonnation for said test intraventricular electrogram with said extracted 
information for said template intraventricular electrogram to generate a score indicative of similarity between 
said template Intraventricular electrogram and said test intraventricular electrogram. 

PatentansprOche 

1 . Vorrichtung zum Unterscheiden zwischen einem ventrikularen Tachykardie- (VT) -Kompiex und einem Sinus-Ta- 
chykardle- (ST) oder supra-ventrikularem Tachykardie- (SVT) -Komplex, mit: 

(a) Mittein (908; 804; 808) zum Aufnehmen eines intraventrikularen Schablonen-Elektrogramms (700) und 

eines intraventrikularen Test-Elektrogramms (710); 

(b) Mittein (902; 303) zum Auffinden einer Gruppe von wenigstens zwel aufeinanderfolgenden Spitzenwerten 
(210, 212, 214), die eine gr6l3te kumulative FlSche besltzt, und zwar fur jedes der Intraventrikularen Elektro- 
gramme (700, 710); 

c) Mittein (902; 306; 308) zum Bestimmen einer Poiaritat und einer Position von jedem Spitzenwert (210, 212, 
214) innerhalb der Gruppe, und zwar fiir jedes der intraventrikularen Elektrogramme (700, 710); 

(d) IVIitteln (902; 310) zum Nonnieren der Flache von jedem Spitzenwert (210, 212, 214) in der Gruppe, wobel 
die Polaritaten, die Positionen und die nomriierten Flachen extrahierte Spitzenwertinfonnation darstellen; 

(e) Mittein (902; 504; 51 0; 604) zum Verglelchen von Polaritaten und Positionen der exlrahlerten Spitzenwer- 
tinformatlon fur das Intraventrikulare Test-Eiektrogramm (71 0) mit Polaritaten und Positionen der extrahierten 
Infonnation fur das intraventrikulare Schablonen-Eiektrogramm (700), und zwar um das intraventrikulare Test- 
Eiektrogramm (710) mit dem intraventrikularen Schablonen-Eiektrogramm (700) auszurichten; und 

(f) Mittein (902; 111) zum Vergletehen der extrahierten Spitzenwertinformation fur das intraventrikulare Test- 
Eiektrogramm (71 0) mit der extrahierten Infonnation fur das Intraventrikulare Schablonen-Eiektrogramm (700), 
und zwar um ein Ergebnis zu erzeugen, das die Ahnllchkelt zwischen dem intraventrikularen Schablonen- 
Eiektrogramm (700) und dem intraventrikularen Test-Eiektrogramm (710) anzelgt. 

2. Vomchtung nach Anspruch 1 , dadurch gekennzelchnet, dass die Mittel (902; 310) zum Nonnieren aufwelsen: 

Mittel (902; 310) zum Nonnieren eines jeden Spitzenwertes (210, 212, 214) in Bezug auf die Summe der 
Flachen der drel aufeinanderfolgenden Spltzenwerte (210, 212, 214). 

3. Vorrichtung nach Anspruch 1 , dadurch gekennzelchnet, dass die Mittel (902; 31 0) zum Normleren aufwelsen: 

Mittel (902; 31 0) zum Nomileren von Jedem Spitzenwert (21 0, 21 2, 21 4) In Bezug auf einen Spitzenwert (212). 
der die grdRte Fiache von den drel aufeinanderfolgenden Spitzenwerten (210, 212, 214) besitzt. 

4. Vonichtung nach einem der AnsprCrche 1 bis 3. dadurch gekennzelchnet, dass die Mittel (902; 406; 504; 510; 
604) zum Vergleichen aufwelsen: 

Mittel (504) zum Verglelchen der Poiaritat eines domlnanten Test-Spltzenwertes mit der Poiaritat eines doml- 
nanten Schablonen-Spltzenwertes; 

Mittel (406) zum Ausrichten des intraventrikularen Schablonen-Elektrogramms (700) mit dem intraventrikula- 
ren Test-Eiektrogramm (710), und zwar auf der Grundiage der domlnanten Spltzenwerte, dann, wenn die 
Poiaritat des domlnanten Test-Spitzenwertes mit der Poiaritat des domlnanten Schablonen-Spltzenwertes 
Qbereinstimmt; 
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MIttel (510) zum Vergielchen der Polarltat des domlnanten Test-Spitzenwertes mit der Polaritat des zweiten 
dominanten Schablonen-Spltzenwertes, dann, wenn die Polarltat des domlnanten Test-Spltzenwertes nicht 
mit der Polaritat des dominanten Schablonen-Spitzenwerles Qbereinstimmt; 

Mittel (406) zum Ausrichten des Intraventrikuiaren Schablonen-Elektrogramms (700) mit dem Intraventrikuia- 
ren Test-Elektrogramm (710) auf der Grundlage des dominanten Test-Spitzenwertes und des zweiten domi- 
nanten Schablonen-Spltzenwertes, dann, wenn die Polaritat des domlnanten Testspitzenwertes mit der Po- 
laritat des zweiten dominanten Schablonen-Spitzenwertes Qbereinstimmt; und 

Mittel (114) zum Anzeigen. dass das Intraventrlkuklare Testund das Intraventrlkulare Schablonen-Elektro- 
gramm (700. 710) nIcht ausgerlchtet werden konnten, und zwar dann. wenn die Polarltat des domlnanten 
Test-Spitzenwertes weder mit der Polaritat des dominanten Schablonen-Spltzenwertes noch mit jener des 
zweiten domlnanten Schablonen-Spitzenwertes Qbereinstimmt. 

Vorrichtung nach Anspruch 4, dadurch gekennzelchnet, dass die Mittel (406) zum Ausrichten aufwelsen: 

Mittel (604) zum Bestlmmen, ob Posltionen der Test-Spltzenwerte Posrtionen der Schablonen-Spitzenwerte 
entsprechen; und 

Mittel (605, 606) zum Scannen des intraventrikuiaren Test-Eiektrogramms (710) nach einem welteren Spit- 
zenwert, mit dem eine Ubereinstimmung vorgenommen werden kann, wenn die Posltionen der Test-Spltzen- 
werte nIcht Posltionen der Schablonen-Spltzenwerten entsprechen. 

Vorrtehtung nach einem der AnsprOche 1 bis 5, dadurch gekennzeichnet, dass die Mittel (902; 111) zum Ver- 
gletehen der extrahierten Spitzenwertlnformation aufwelsen: 

Mittel zum Berechnen des Ergebnisses als die Summe der GroBen der FlSchen von nicht Qberelnstlmmenden 
Schablonen-Spltzenwerten, der Fiachen der nicht uberelnstlmmenden Test-Spltzenwerte und der DIfferenz 
zwischen den Flichen von Irgendwelchen Qberelnstlmmenden Schablonen- undTest-Spltzenwerten, und zwar 
dann, wenn Spitzenwerte in dem intraventrikuiaren Schablonen-Elektrogramm (700) und dem intraventriku- 
iaren Test-Eiektrogramm (71 0) hinsichtlich Position und Polaritat nicht ubereinstimmen; und 
Mittel zum Berechnen des Ergebnisses als die Summe der GroBen der Differenzen zwischen den Flachen 
der uberelnstlmmenden Spitzenwerte, und zwar dann, wenn Spitzenwerte in dem intraventrikuiaren Schablo- 
nen-Elektrogramm (700) und dem Intraventrikuiaren Test-Elektrogramm (710) samtlich hlnstehtllch Position 
und Polaritat ubereinstimmen. 

Verfahren zum Unterschelden zwischen einem ventrikularen Tachykardie-Komplex und einem Sinus-Tachykardie- 
Oder supraventrikularen Tachykardie-Komplex, mit den Schritten: 

a) Aufnehmen eines Intraventrikuiaren Schablonen-Elektrogramms und eines Intraventrikuiaren Test-Eiektro- 
gramms; 

(b) fur Jedes der intraventrikuiaren Elektrogramme 

(1) Auffinden einer Gruppe von wenigstens zwel aufelnander f olgenden Spilzenwerten, die eine groBte 
kumulative Flache besitzen, 

(2) Bestlmmen einer Polarltat und einer Position von jedem Spltzenwert Innertialb der Gruppe, 
und 

(3) Nonnieren der Fiache von jedem Spltzenwert In der Gruppe, wobel die Polarltaten, die Posltionen und 
die nomiierten Rachen extrahierte Spltzenwertinfonmation darstellen; 

(c) Vergleichen von Polaritaten und von Posltionen der extrahierten Spltzenwertlnfomiatlon fOr das Intraven- 
trikulare Test-Elektrogramm mit Polaritaten und Posltionen der extrahierten infomiation fur das intraventrlku- 
lare Schablonen-Elektrogramm, um das Intraventrikulare Test-Elektrogramm mit dem intraventrikuiaren Scha- 
blonen-Elektrogramm auszurichten; und 

(d) Vergleichen der extrahierten Spitzenwertlnformation fQr das Intraventrikulare Test-Elektrogramm mit der 
extrahierten Information fOr das Intraventrikulare Schablonen-Elektrogramm, um ein Ergebnis zu erzeugen, 
das die Ahnlichkcit zwischen dem Intraventrikuiaren Schablonen-Elektrogramm und dem Intraventrikuiaren 
Test-Elektrogramm anzeigt. 
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Revendlcations 

1 . Appareil permettant de faire la distinction entre un complexe de tachycardie ventriculaire (TV) et un complexe de 
tachycardle sinusale (TS) ou supraventrlculaire (TSV), comprenant ; 

(a) un moyen (908 ; 804 ; 808) permettant de collecter un 6lectrogramme Intraventriculaire module (700) et 
un §lectrogramme intraventriculaire test (710) ; 

(b) un moyen (902 ; 303) penmettant de localiser un groupe d'au moins deux pics cons6cutifs (21 0. 212. 214) 
poss6dant la zone cumulative la plus large pourchacun desdlts §lectrogrammes Intraventrlculaires (700, 71 0), 

(c) un moyen (902 ; 306 ; 308) pemiettant de determiner la poIarit§ et la position de chaque pic (210, 212, 
214) a rint6rleur dudit groupe pour chacun desdits 6lectrogrammes intraventriculafres (700, 710) ; 

(d) un moyen (902 ; 310) pemiettant de normaliser la zone de chaque pic (210, 212, 214) dans ledit groupe, 
dans lequel lesdites polarit6s, lesdites positions et lesdites zones normalis6es repr6sentent des informations 
de pic extraltes ; 

(e) un moyen (902 ; 504 ; 51 0 ; 604) permettant de comparer les polarit6s et les positions desdites Informations 
de pic extraltes pour ledit dlectrogramme intraventriculaire test (71 0) avec les polarit6s et les positions desdites 
informations extraites pour ledit 6lectrogramme intraventriculaire meddle (700) afin d'aligner ledit 6!ectrogram- 
me intraventriculaire test (710) et ledit 6lectrogramme Intraventriculaire module (700) ; et 

(f) u n moyen (902 ; 1 1 1 ) pemiettant de comparer lesdites Inf omiations de pic extraites pour ledit 6lectrogramme 
Intraventriculaire test (710) avec lesdites Infomfiations extraites pour ledit 6lectrogramme intraventriculaire 
modfele (700) afin de g6n6rer un Indlce Indlcatif des simllarit6s entre ledit §lectrogramme intraventriculaire 
module (700) et ledit 6lectrogramme intraventriculaire test (710). 

2. Appareil selon la revendicatlon 1 , caracterls6 en ce que ledit moyen (902 ; 31 0) de nomiallsatlon comprend : 

un moyen (902 ; 3 1 0) penmettant de nonnallser chaque pic (21 0, 21 2, 21 4) par rapport k la somme des zones 
de chacun desdits trols pics cons^cutifs (210, 212, 214). 

3. Appareil selon la revendicatlon 1 , caract^ris^ en ce que ledit moyen (902 ; 31 0) de nomialisatlon comprend : 

un moyen (902 ; 31 0) pennettant de nonnallser chaque pic (21 0, 21 2,214) par rapport k un pic (21 2) poss6dant 
la zone la plus large desdits trols pics consScutifs (210, 212, 214). 

4. Appareil selon I'une quelconque des revendlcations 1 k 3, caracterise en ce que ledit moyen (902 ; 406 ; 504 ; 
510 ; 604) de comparaison comprend : 

un moyen (504) pemiettant de comparer la polarit6 tf un pte dominant du test k la polarit6 tfun pic dominant 
du module ; 

un moyen (406) permettant d'aligner ledit 61ectrogramme intraventriculaire module (700) au dit 6lectrogramme 
intraventriculaire test (71 0) sur la base desdits pics dominants si la polarity dudit pic dominant du test corres- 
pond a la polarity dudit pic dominant du module ; 

un moyen (510) permettant de comparer la polarit6 dudit pic dominant du test k la polaritd dudit second pic 
dominant du module si la polarity dudit pic dominant du test ne correspond pas k la polarity dudit pic dominant 
du module ; 

un moyen (406) pennettant d'aligner ledit 6lectrogramme intraventriculaire module (700) avec ledit 6lectro- 
gramme intraventriculaire test (710) sur la base dudit pic dominant du test et dudit second pic dominant du 
module si la polarit6 dudit pic dominant du testcon'espond k la polarit6 dudit second pic dominant du module; et 
un moyen (114) pemiettant d'Indiquer que lesdits 6lectrogrammes Intraventriculaires test et module (700 et 
710) ne peuvent pas §tre align^s si la polarity dudit pic dominant du test ne conrespond pas k la polarity soit 
dudit pic dominant du meddle, soit dudit second pic dominant du meddle. 

5. Appareil selon la revendicatlon 4, caracterisi en ce que ledit moyen (406) d'alignement comprend : 

un moyen (604) pemiettant de ddtemiiner si les positions desdits pics du test correspondent aux positions 

desdits pics du moddle ; et 

un moyen (605, 606) pemiettant de balayer ledit diectrogramme intraventriculaire test (71 0) pour trouver un 
autre pic avec lequel il soit possible d'dtablir une con^espondance si lesdites positions desdits pics du test ne 
correspondent pas aux positions desdits pics du moddle. 
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Appareil selon Tune quelconque des revendicatlons 1 h 5, caracterls6 en ce que ledit moyen (902 ; 111) de 
comparalson desdites informations de pic extraites comprend : 

un moyen pennettant de calculer ledit indice comme la somme des amplitudes des zones des pics sans 
correspondance du module, des zones des pics sans con-espondance du test, et de la difference entre les 
zones des pics correspondants du module et du test si la position et la polarit§ des pics dudit 6lectrogramme 
Intraventriculaire module (700) et dudit 6lectrogramme intraventrlculaire test (710) ne correspondent pas ; et 
un moyen permettant de calculer ledit indice comme la somme des amplitudes de la difference entre les zones 
des pics correspondants si la position et la polarit6 des pics dudit 6lectrogramme Intraventriculaire module 
(700) et dudit ^lectrogramme Intraventriculaire test (710) con^espondent toutes. 

Proc6d6 pennettant de faire la distinction entre un complexe de tachycardia ventriculaire et un complexe de ta- 
chycardle sinusale ou supraventriculaire, comprenant les stapes consistent d : 

(a) collecter un 6iectrogramme intraventriculaire meddle et un 6lectrogramme intraventriculaire test ; 

(b) pourchacun desdits ^lectrogrammes intraventriculaires, 

(1) locatiser un groupe d'au moins deux pics cons^utifs ayant la zone cumulative la plus large, 

(2) determiner la polarit6 et la position de chaque pic k I'intdrieur dudit groupe, 
et 

(3) nomialiser la zone de chaque pic dans ledit groupe, dans lequel lesdites polarites, lesdites positions 
et lesdites zones nonnalis6es reprdsentent des infomnations de pic extraites ; 

(c) comparer les polarit6s et les positions desdites infomiations de pic extraites pour ledit 6lectrogramme 
Intraventriculaire test avec les polarit6s et les positions desdites infomiations extraites pour ledit 6lectrogram- 
me Intraventriculaire modfele af in d'ailgner ledit 6lectrogramme intraventriculaire test avec ledit 6lectrogramme 
intraventriculaire mod&le ; et 

(d) comparer lesdites Infomiations de pic extraites pour ledit 6lectrogramme intraventriculaire test avec lesdites 
infomnations extraites pour ledit 6lectrogramme Intraventriculaire module afin de g6n6rer un indice indicatif 
des similarites entre ledit 6lectrogramme intraventriculaire modele et ledit eiectrogramme intraventriculaire 
test. 
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